Supplementary Figure 1.
Total energy of the free molecule.To understand the relation between LS and HS ground states, the total energy of the free molecule is plotted as a function of the Fe-N distance for both LS (solid lines) and HS (dashed lines) states obtained by DFT (black) and DFT+U (red) calculations. The spin state of SCO molecules is sensitive to the local environment of the transition metal ion, in particular the bond-lengths and the coordination number have an important role. For each calculation, the system is fully relaxed until the atomic forces are less than 0.001 eV/Å by fixing the (x, y, z) atomic position of Fe II as well as the atomic positions of six surrounding N atoms in the z direction. Note that the total energy of the lowest energy configuration for LS states was set to be 0 eV as a reference. Since the lowest energy configuration is LS states, a constraint calculation was carried out in the case of HS states by fixing the spin moment of the molecule. The HS state thus obtained was found to be higher in energy of about 1.2 eV compared to LS state. We found that both the increase of dFe-N and U favor the HS solution. II atom and (down panels) vacuum local DOS (LDOS) at 5Å above the molecule. Note that we do not show the HS molecule case since it is higher in energy and one would need to do a constraint search calculation by fixing locally magnetic moment on the molecule, the procedure not yet implemented in the Quantum Espresso package. The procedure of fixing the total spin moment (similarly to what has been done for the free molecules) leads to an unphysical solution where Au substrate becomes magnetic when the spin moment is spread over the whole system during the self-consistent run. From the PDOS on Fe II atom, we can clearly see the two-fold degenerate d x 2 −y 2 ,dxy-states corresponding to the 2-fold degenerate HOMO and the d z 2 -derived HOMO-1 state. Out of these states only the HOMO spreads enough out of the molecule to the vacuum and can thus be probed by the STM tip, the HOMO-1 state being strongly localized inside the molecule (almost no hybridization with the ligand cage) should not be imaged by STM. Supplementary Figure 6 . X-ray diffraction data. Superimposition of the experimental powder X-ray diffractogram of 1 at 289 K with the one calculated from the single crystal X-ray data (289 K)
